












emergency flows because of the certainty that &tation pGessures will occur 
on the open-gate side of the pie$", The dotted line above elevation 650 (labeled) 
in Figure 15 shows the limiting conditions of single-gate openings and reservoir  
elevations to prevent cavitation jpressures occurring on the side of the upstream 
pier. ?, 
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Downstream flow conditions - -One -gate operation. Normally the control 
structure should be operated with both gates opened the same amount. However, 
if some emergency existed, discharges could be made through one gate only. 
When one gate operated singly, ithe unsupported side of the jet spread diagonally 
across  the tunnel, piled up on the tunnel wall, and was deflected back across the 
tunnel, causing a buildup first om one side, then on the other side of the tunnel. 
At large gate openings, the jet climbed the opposite wall and<swepf across the top 
of the tunnel. Figure 14 shows one gate operating a t  openings of 50,80,Q0, and 
100 percent. I 

Discharge chart. ~ u r i h g  pre1iminary:releases from the reservoir ,  the 
intake sin wil l  be at elevation 474. After completion of the intake structure, the 
tunnel portal will be plugged andithe intake sill-will be raised to elevation 504 
(Ifigure 2). The discharge chart (Figure 15) shows the discharge in thousands of 
second-feet versus reservoir  elewation for the outlet works with the completed 
in.take structure for both one -gate and two-gate operation. Because of adverse 
flow conditions, it is recommended that one-gate operation be limited to reservoir  
elevations and gate openings a s  shown by the "maximum one-gate operation" line 
011 the chart. 

'I, 

During the preliminary planning stages when the model studies were 
being made, the design discharges with both gates opened 100 percent were 
14, 700 cfs, for  the maximum reservoir  elevation 686.5, and 13,400 cfs for 
normal reservoir elevation 651.5. However, for the recommended design and 
with the completed intake .structure, it was determined from model calibration 
that the maximum discharge would be 14,300 cfs and normal discharge would 

' be 13 ,050  cfs. 

Stilling Basin - 
i' ': The stilling basin studies were conducted in a 1:24-scale model of the 

stilling b.sin and outlet channel (Figure 4). A single streamlined gate (Figure 
IS) 'waa:uked to control the proper de.pth and velocity of flow in the tunnel to 
represeht*the flow from the two prototype control gates operating a t  equal open- 

$ ings!: The' preliminary stilling basin (Figures 4 and 162 included a chute 173.58 
feet long in  which the floor followed a 105-foot.vertica1 'curve and the side walls 
diverged from 19 feet to 35 feet apart. The 159-foot long by 35-foot -wide stilling 
basink had appurtenances consisting of. four 4.50 -foot high chute blocks, three 
8.  75q:,foot high baffle piers  33.50 feetdownstream.from the chute blocks, and an 
end i3i.11 7.25 feet. high with a 2 : 1 sloping upstream face. 
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! - For the preliminary tes ts  of the stilling 'basin, .water was admitted to 
the outlet tunnel to represent a discharge of about 13,500 cfs with a depth of 8.9 
feet. at., Stwon  16+30. With the preliminary basin (Figure 16), the jet entering 
-the pobl was humped slightly at midstream. The jump roller  was unstable and 
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D. Looking upstream 

C. Q = 4,700 cfs F. Q = 4,780 cfs 
Both Gates Opened 35% Both Gates Opened 35% 

Flow spreader Design 4 Flow Spreader Design 6 

Santa Maria Project - California 
Twitchell (Vaquero) Dam - Outlet Works 

 low Spreaders on  oilli ling Basin Chute 
See Figure 18 for Spreader Iletails 
















